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Graczyk, Lisa

From: Radcliffe, Michael <Radcliffe.Michael@cleanharbors.com>
Sent: Tuesday, February 19, 2019 2:22 PM
To: Graczyk, Lisa
Cc: Lambesis, Christopher
Subject: FW: Memorandum for EPA 2/18/19
Attachments: EPA_Memorandum_2_18_2019U.docx; PCB_Congener_Three_Levels_2_18_2019.xlsx; 

Analytical_Method.pdf; Low_level_Chromatograms_2_18_19.pdf; Mid_High_level_Chromatograms_2_
18_19.pdf

Dear Lisa, 
Sorry but this took a little bit of extra time than originally predicted. Please review and contact me with any questions 
you may have. 
 
Regards, 
Michael 
 
 

Michael Radcliffe | Sr Environmental Compliance Manager | Safety‐Kleen |  

| A Clean Harbors Company  |Radcliffe.michael@cleanharbors.com| 

| 219‐391‐6127 (o)  219‐501‐9468 (c) |  safety‐kleen.com  

 
Safety Starts with Me! Live it 3‐6‐5   
 
 
 

From: Elizarraras‐Nelson, Erika P.  
Sent: Tuesday, February 19, 2019 2:16 PM 
To: Radcliffe, Michael <Radcliffe.Michael@cleanharbors.com> 
Cc: Shoff, Jason R <Jason.Shoff@safety‐kleen.com>; Chen, David <David.Chen@safety‐kleen.com>; Dang, Hy 
<Hy.Dang@safety‐kleen.com>; Hull, Anthony W <Anthony.Hull@safety‐kleen.com>; Elizarraras‐Nelson, Erika P. 
<Erika.Nelson@safety‐kleen.com> 
Subject: Memorandum for EPA 2/18/19 
 
February 19, 2019 
 
Mike,  
 
Please find attached the Memorandum for EPA with the accompanied data requested.  
 
Thanks, 
 

Erika E Nelson Refinery Lab Manager | Safety‐Kleen  |A Clean Harbors Company |   
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East Chicago, IN  |  erika.nelson@safety‐kleen.com 
219‐391‐6115 (o)  | 219‐391‐6185 (f)  |  safety‐kleen.com 

 
Safety Starts with Me! Live it 3‐6‐5 

 



 
MEMORANDUM 

 
TO:      Lisa Graczyk, Environmental Protection Agency 
 
FROM:    Erika Nelson, Laboratory Manager  
 
DATE:    February 18, 2019 
 
SUBJECT:      PCB CONGENER (TOTAL PCB) ANALYZED AT THREE DIFFERENT LEVELS AND TH 

EXPLANATION OF HOW IT IS CALCULATED. 
 

 
The purpose of this document is to submit the information requested by EPA on an e‐mail submitted on 
10/12/18: 
  
“There was one final step (#4) not done that I had put in the email dated 10/12/18.  Please check this 
method against an Aroclor standard similar to what Safety‐Kleen described in their 03/23/2018 
memorandum (an Aroclor 1016/1260 standard at three levels approximately equal to the LLOQ, mid, 
and, high calibration standard levels).  Also, please provide examples of the calculations for determining 
the total PCB concentration of these Aroclor standards (either by data system quantitation or manual 
quantitation, whichever is used)”. 
 
Based on this request, a mix of 1016/1260 Aroclor was performed at three different levels (low, mid, 
and high).  Table 3 shows all the data results, and Table 4 is a summary of all the concentrations and 
their percent recoveries. 
 
For the second request, to demonstrate the calculation of Total PCB concentration in a sample using the 
congener method a step by step calculation of the Low Level Test 1 sample is shown below. These steps 
were performed in all nine analyses: 
 
Step 1:   Determine the retention time windows. The retention time windows for all congeners with the 
exception of the first and last (2‐chlorobiphenyl and 2,2,3,3,4,4,5,5,6‐nonachlorobiphenyl) are 
determined in the same way using the retention times of the CCS congeners. Essentially the retention 
time window of a given congener peak begins halfway between the peak of interest and the previous 
peak and ends halfway between the peak of interest and the very next eluting peak. So if peak A elutes 
at 1.0 min, peak B at 2.0 min and peak C at 4.0 min, the retention time widow of peak B would start at 
minute 1.5 and end at minute 3.0. The two exceptional peak windows are calculated slightly differently. 
The congener 2‐chlorobiphenyl is the first congener peak to elute and the retention time for this 
window begins when the peak elutes and ends halfway between it and the next peak 2,3‐
dichlorobiphenyl. The only other peak which is calculated slightly different is  the last of the nineteen 
congeners to elute 2,2,3,3,4,4,5,5,6‐nonachlorobiphenyl. The window for this peak begins halfway 
between it and the previous peak, but it continues up to the DCB peak. This method ensures that all 
peaks that fall from the first peak 2‐chlorobiphenyl to the DCB peak are included in the calculation for 
the total PCB.  Below are the retention time windows from the Low Level Test 1 sample. 



 
Table 1: Retention Time Windows for Total PCB Calculation. 

 
 
Step 2: Calculate all peak areas within each retention time window. Table 2 shows how this was done for 
the Low Level Test 1 sample. 
 
Step 3: Determine the instrument concentrations in µg/mL for each congener retention time window. 
This is done by plugging the total window area into the line equation of the congener corresponding to 
the retention time window and solving for X. This calculation for the window represented by the 
congener 2,2,5‐trichlorobiphenyl is shown below. The results for all other congeners along with the 
slopes and b values used to determine the instrument concentration are shown in Table 3. 
 

Y=mX+b 
 

Where Y is the total window area found in Table 2, b is the y‐intercept given in Table 3, m is the slope 
also in Table 3, and X is the instrument concentration in µg/mL. 
 
Rearranging the equation to solve for X: 

X=(Y‐b)/m 
 

Plugging in the values for 2,2,5‐trichlorobiphenyl found in Table 2 and Table 3: 
 

X=(2159‐615.36338)/196977.1 
X=0.00783663 µg/mL 

Step 4: Determine the sample concentration for each retention time window and then total all 19 
windows to determine the total PCB concentration of the sample in µg/g. Here the instrument 

Congener CCS RT
2-Clorobiphenyl 3.318 3.318 3.960
2,3-Dichlorobiphenyl 4.601 3.960 4.839
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB

Rt. Window (min)



concentration is multiplied by the total volume of the sample prep which is 30 mL. This amount is then 
divided by the sample weight in grams. Again this calculation is shown below for 2,2,5‐trichlorobiphenyl. 
 

2,2,5‐trichlorobiphenyl Sample concentration = [(0.00783663 µg/mL)(30.0mL)]/2.5771g 
= 0.091 µg/g. 

 
All data is stated in Table 3, and a summary of the results for all test runs and the corresponding percent 
recovery is shown in Table 4. 
 
Table 2: Retention Time Window Area Calculations for the Low Level Test Sample 1. 

 
   

R.T. time (min) Area Total Area R.T. time (min) Area Total Area
0 0 7.215 517

7.254 256
R.T. time (min) Area Total Area 7.327 1054

4.392 297
4.536 191 R.T. time (min) Area Total Area
4.613 520 7.511 176

7.574 1629
R.T. time (min) Area Total Area

5.081 1223 R.T. time (min) Area Total Area
5.180 218 7.682 986
5.277 718 7.749 142

R.T. time (min) Area Total Area R.T. time (min) Area Total Area
5.418 162 7.814 1407
5.503 336 7.871 346
5.593 1815
5.674 638 R.T. time (min) Area Total Area
5.759 440 7.954 1114 1114

R.T. time (min) Area Total Area R.T. time (min) Area Total Area
5.788 199 8.006 506
5.944 421 8.104 207
5.981 784 8.166 822

8.212 508
R.T. time (min) Area Total Area

6.131 681 R.T. time (min) Area Total Area
6.253 553 8.257 262
6.314 119 8.303 218

8.381 194
R.T. time (min) Area Total Area 8.447 2423

6.548 457 457 8.525 101

R.T. time (min) Area Total Area R.T. time (min) Area Total Area
6.727 91 8.693 993
6.783 338 8.758 488

8.815 645
R.T. time (min) Area Total Area 9.066 416

 0 0
R.T. time (min) Area Total Area

R.T. time (min) Area Total Area 9.287 630
7.080 195 9.650 295
7.111 210

2,2,3,5,5,6-Hexachlorobiphenyl 7.165-7.398 (min)

1353

2,2,3,4,5,5,6-Heptachlorobiphenyl 7.894-7.989 (min)

2159

3391

2-Clorobiphenyl 3.318-3.960 (min)

2,2,5-Trichlorobiphenyl 4.839-5.333 (min)

2,4,5-Trichlorobiphenyl 5.333-5.766 (min)

2,2,5,5-Tetrachlorobiphenyl 5.766-6.036 (min)

2,2,3,5-Tetrachlorobiphenyl 6.036-6.343 (min)

2,3-Dichlorobiphenyl 3.960-4.839 (min)

1753

2,2,3,4,4,5-Hexachlorobiphenyl 7.758-7.894 (min)

2,2,3,4,5,5-Hexachlorobiphenyl 7.635-7.758 (min)

2,2,4,4,5,5-Hexachlorobiphenyl 7.398-7.635 (min)

1827

2,2,3,4,5-Pentachlorobiphenyl 6.906-7.070 (min)

2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.202-DCB

2,2,3,3,4,4,5-Heptachlorobiphenyl 8.587-9.202 (min)

2,2,3,4,4,5,5-Heptachlorobiphenyl 8.240-8.587 (min)

2,2,3,4,4,5,6-Heptachlorobiphenyl 7.989-8.240 (min)

2,3,4,4-Tetrachlorobiphenyl 6.343-6.670 (min)

2,2,4,5,5-Pentachlorobiphenyl 6.6707-6.906 (min)

1805

1128

2043

3198

2542

925

1008

1404

429

405

2,3,3,4,6-Pentachlorobiphenyl 7.070-7.165 (min)



Table 3: Relevant Data for Calculating the Total PCB Concentration in a Sample Using the Congener 
Method.  

 
 
 

 
 

 

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.9595 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.9595 4.839 1008 297264.7 435.2471 0.00192674 0.022
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 2159 196977.1 615.3634 0.00783663 0.091
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 3391 312171.3 237.5887 0.01010154 0.118
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 1404 242877.5 420.6349 0.00404881 0.047
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 1353 316833.8 713.2764 0.00201911 0.024
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.67 457 395907.1 326.4695 0.00032970 0.004
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.67 6.9055 429 321335.3 353.5682 0.00023474 0.003
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.9055 7.07 0 461196.6 225.6633 -0.00048930 -0.006
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.07 7.165 405 428751.4 505.7667 -0.00023502 -0.003
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 1827 417773.7 342.4376 0.00355351 0.041
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 1805 399515.6 240.4059 0.00391623 0.046
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 1128 593939.4 387.5446 0.00124669 0.015
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.8935 1753 485457.8 442.3469 0.00269983 0.031
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.8935 7.989 1114 469856.9 342.9029 0.00164113 0.019
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.2395 2043 537140.8 126.955 0.00356712 0.042
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.2395 8.5865 3198 603230.6 283.0922 0.00483216 0.056
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.5865 9.202 2542 614391.2 351.8876 0.00356469 0.041
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 925 718226.6 453.5265 0.00065644 0.008

30840 563184.9 655.7508 0.05359563 0.624
Sample PCB (ug/g) 0.618
Theoretical PBC (ug/g 0.617
Percent recovery 100

Low Level Test 1
Rt. Window

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.9595 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.9595 4.839 1563 297264.7 435.2471 0.00379377 0.045
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 2137 196977.1 615.3634 0.00772494 0.091
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 3632 312171.3 237.5887 0.01087355 0.128
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 1353 242877.5 420.6349 0.00383883 0.045
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 1530 316833.8 713.2764 0.00257777 0.030
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.67 501 395907.1 326.4695 0.00044084 0.005
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.67 6.9055 346 321335.3 353.5682 -0.00002355 0.000
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.9055 7.07 0 461196.6 225.6633 -0.00048930 -0.006
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.07 7.165 414 428751.4 505.7667 -0.00021403 -0.003
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 1963 417773.7 342.4376 0.00387904 0.046
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 1906 399515.6 240.4059 0.00416903 0.049
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 1136 593939.4 387.5446 0.00126015 0.015
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.8935 1775 485457.8 442.3469 0.00274515 0.032
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.8935 7.989 1173 469856.9 342.9029 0.00176670 0.021
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.2395 2180 537140.8 126.955 0.00382217 0.045
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.2395 8.5865 3283 603230.6 283.0922 0.00497307 0.059
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.5865 9.202 2806 614391.2 351.8876 0.00399438 0.047
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 957 718226.6 453.5265 0.00070100 0.008

31212 563184.9 655.7508 0.05425616 0.640
Sample PCB (ug/g) 0.678
Theoretical PBC (ug/g 0.624
Percent recovery 109

Low Level Test 2
Rt. Window

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.9595 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.9595 4.839 956 297264.7 435.2471 0.00175182 0.021
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 2302 196977.1 615.3634 0.00856260 0.101
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 3688 312171.3 237.5887 0.01105294 0.131
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 1461 242877.5 420.6349 0.00428350 0.051
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 1490 316833.8 713.2764 0.00245152 0.029
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.67 466 395907.1 326.4695 0.00035243 0.004
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.67 6.9055 451 321335.3 353.5682 0.00030321 0.004
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.9055 7.07 0 461196.6 225.6633 -0.00048930 -0.006
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.07 7.165 425 428751.4 505.7667 -0.00018838 -0.002
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 1994 417773.7 342.4376 0.00395325 0.047
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 1966 399515.6 240.4059 0.00431922 0.051
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 1171 593939.4 387.5446 0.00131908 0.016
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.8935 1828 485457.8 442.3469 0.00285432 0.034
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.8935 7.989 1186 469856.9 342.9029 0.00179437 0.021
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.2395 2195 537140.8 126.955 0.00385010 0.046
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.2395 8.5865 3879 603230.6 283.0922 0.00596108 0.071
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.5865 9.202 2712 614391.2 351.8876 0.00384138 0.046
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 1053 718226.6 453.5265 0.00083466 0.010

30549 563184.9 655.7508 0.05307893 0.629
Sample PCB (ug/g) 0.693
Theoretical PBC (ug/g 0.627
Percent recovery 110

Low Level Test 3
Rt. Window

DCB



 
 

 
 

 
 
 
 

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 3751 297264.7 435.2471 0.01115421 0.131
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 6305 196977.1 615.3634 0.02888476 0.338
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 11339 312171.3 237.5887 0.03556192 0.417
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 2220 242877.5 420.6349 0.00740853 0.087
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 7743 316833.8 713.2764 0.02218742 0.260
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 1629 395907.1 326.4695 0.00328999 0.039
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 1334 321335.3 353.5682 0.00305112 0.036
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 134 461196.6 225.6633 -0.00019875 -0.002
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 1072 428751.4 505.7667 0.00132066 0.015
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 6412 417773.7 342.4376 0.01452835 0.170
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 6201 399515.6 240.4059 0.01491955 0.175
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 3396 593939.4 387.5446 0.00506526 0.059
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 5493 485457.8 442.3469 0.01040390 0.122
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 3750 469856.9 342.9029 0.00725135 0.085
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 7296 537140.8 126.955 0.01334668 0.156
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 11019 603230.6 283.0922 0.01779735 0.209
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 8887 614391.2 351.8876 0.01389198 0.163
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 2807 718226.6 453.5265 0.00327678 0.038

31627 563184.9 655.7508 0.05499304 0.644
Sample PCB (ug/g) 2.511
Theoretical PBC (ug/g 2.500
Percent recovery 100

Mid Level Test 1
Rt. Window

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 4124 297264.7 435.2471 0.01240899 0.146
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 7073 196977.1 615.3634 0.03278369 0.387
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 12945 312171.3 237.5887 0.04070653 0.480
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 4939 242877.5 420.6349 0.01860347 0.219
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 5596 316833.8 713.2764 0.01541099 0.182
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 1985 395907.1 326.4695 0.00418919 0.049
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 1471 321335.3 353.5682 0.00347746 0.041
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 151 461196.6 225.6633 -0.00016189 -0.002
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 1195 428751.4 505.7667 0.00160754 0.019
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 7096 417773.7 342.4376 0.01616560 0.191
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 7075 399515.6 240.4059 0.01710720 0.202
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 3788 593939.4 387.5446 0.00572526 0.068
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 6198 485457.8 442.3469 0.01185614 0.140
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 4187 469856.9 342.9029 0.00818142 0.096
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 8283 537140.8 126.955 0.01518418 0.179
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 12252 603230.6 283.0922 0.01984135 0.234
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 9916 614391.2 351.8876 0.01556681 0.184
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 3129 718226.6 453.5265 0.00372511 0.044

31551 563184.9 655.7508 0.05485809 0.647
 Sample PCB (ug/g) 2.872

Theoretical PBC (ug/g 2.510
Percent recovery 114

Mid Level Test 2
Rt. Window

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 4403 297264.7 435.2471 0.01334754 0.157
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 7146 196977.1 615.3634 0.03315429 0.390
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 12781 312171.3 237.5887 0.04018118 0.473
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 5145 242877.5 420.6349 0.01945164 0.229
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 5566 316833.8 713.2764 0.01531631 0.180
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 2129 395907.1 326.4695 0.00455291 0.054
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 1490 321335.3 353.5682 0.00353659 0.042
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 149 461196.6 225.6633 -0.00016623 -0.002
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 1218 428751.4 505.7667 0.00166118 0.020
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 7091 417773.7 342.4376 0.01615363 0.190
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 7049 399515.6 240.4059 0.01704212 0.201
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 3860 593939.4 387.5446 0.00584648 0.069
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 6277 485457.8 442.3469 0.01201887 0.142
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 4183 469856.9 342.9029 0.00817291 0.096
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 8350 537140.8 126.955 0.01530892 0.180
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 12155 603230.6 283.0922 0.01968055 0.232
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 9878 614391.2 351.8876 0.01550496 0.183
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 3121 718226.6 453.5265 0.00371397 0.044

30931 563184.9 655.7508 0.05375721 0.633
 Sample PCB (ug/g) 2.892

Theoretical PBC (ug/g 2.510
Percent recovery 115

Mid Level Test 3
Rt. Window

DCB



 
 

 
 
 

 
 
 

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 9564 297264.7 435.2471 0.03070918 0.361
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 18406 196977.1 615.3634 0.09031830 1.061
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 35414 312171.3 237.5887 0.11268303 1.324
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 13624 242877.5 420.6349 0.05436224 0.639
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 15326 316833.8 713.2764 0.04612110 0.542
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 5778 395907.1 326.4695 0.01376972 0.162
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 4108 321335.3 353.5682 0.01168384 0.137
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 425 461196.6 225.6633 0.00043222 0.005
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 3134 428751.4 505.7667 0.00612997 0.072
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 19709 417773.7 342.4376 0.04635658 0.545
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 19970 399515.6 240.4059 0.04938378 0.580
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 10439 593939.4 387.5446 0.01692337 0.199
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 17178 485457.8 442.3469 0.03447396 0.405
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 11745 469856.9 342.9029 0.02426717 0.285
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 23453 537140.8 126.955 0.04342631 0.510
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 34979 603230.6 283.0922 0.05751682 0.676
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 27752 614391.2 351.8876 0.04459717 0.524
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 8542 718226.6 453.5265 0.01126173 0.132

30999 563184.9 655.7508 0.05387795 0.633
 Sample PCB (ug/g) 8.170

Theoretical PBC (ug/g 7.430
Percent recovery 110

Rt. Window
High Level Test 1

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 10367 297264.7 435.2471 0.03341047 0.395
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 20212 196977.1 615.3634 0.09948688 1.176
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 38886 312171.3 237.5887 0.12380513 1.463
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 15091 242877.5 420.6349 0.06040232 0.714
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 16556 316833.8 713.2764 0.05000326 0.591
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 6423 395907.1 326.4695 0.01539889 0.182
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 4505 321335.3 353.5682 0.01291931 0.153
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 462 461196.6 225.6633 0.00051244 0.006
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 3446 428751.4 505.7667 0.00685766 0.081
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 21665 417773.7 342.4376 0.05103854 0.603
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 21960 399515.6 240.4059 0.05436482 0.643
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 11541 593939.4 387.5446 0.01877878 0.222
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 18952 485457.8 442.3469 0.03812824 0.451
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 12930 469856.9 342.9029 0.02678921 0.317
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 25839 537140.8 126.955 0.04786835 0.566
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 38535 603230.6 283.0922 0.06341175 0.749
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 30522 614391.2 351.8876 0.04910570 0.580
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 9379 718226.6 453.5265 0.01242710 0.147

31413 563184.9 655.7508 0.05461306 0.645
 Sample PCB (ug/g) 9.049

Theoretical PBC (ug/g 7.470
Percent recovery 121

High Level Test 2
Rt. Window

DCB

Congener CCS RT Window Area m B Instrument (ug/mL) Sample (ug/g)
2-Clorobiphenyl 3.318 3.318 3.960 0 27592.37 -26.1415 0.00094742 0.011
2,3-Dichlorobiphenyl 4.601 3.960 4.839 9788 297264.7 435.2471 0.03146271 0.371
2,2,5-Trichlorobiphenyl 5.077 4.839 5.333 20413 196977.1 615.3634 0.10050730 1.186
2,4,5-Trichlorobiphenyl 5.589 5.333 5.766 39411 312171.3 237.5887 0.12548690 1.481
2,2,5,5-Tetrachlorobiphenyl 5.943 5.766 6.036 15254 242877.5 420.6349 0.06107344 0.721
2,2,3,5-Tetrachlorobiphenyl 6.129 6.036 6.343 16806 316833.8 713.2764 0.05079232 0.599
2,3,4,4-Tetrachlorobiphenyl 6.557 6.343 6.670 6517 395907.1 326.4695 0.01563632 0.185
2,2,4,5,5-Pentachlorobiphenyl 6.783 6.670 6.906 4550 321335.3 353.5682 0.01305935 0.154
2,2,3,4,5-Pentachlorobiphenyl 7.028 6.906 7.070 479 461196.6 225.6633 0.00054930 0.006
2,3,3,4,6-Pentachlorobiphenyl 7.112 7.070 7.165 3484 428751.4 505.7667 0.00694629 0.082
2,2,3,5,5,6-Hexachlorobiphenyl 7.218 7.165 7.398 21911 417773.7 342.4376 0.05162738 0.609
2,2,4,4,5,5-Hexachlorobiphenyl 7.578 7.398 7.635 22197 399515.6 240.4059 0.05495803 0.649
2,2,3,4,5,5-Hexachlorobiphenyl 7.692 7.635 7.758 11640 593939.4 387.5446 0.01894546 0.224
2,2,3,4,4,5-Hexachlorobiphenyl 7.824 7.758 7.894 19193 485457.8 442.3469 0.03862468 0.456
2,2,3,4,5,5,6-Heptachlorobiphenyl 7.963 7.894 7.989 13089 469856.9 342.9029 0.02712761 0.320
2,2,3,4,4,5,6-Heptachlorobiphenyl 8.015 7.989 8.240 26189 537140.8 126.955 0.04851995 0.573
2,2,3,4,4,5,5-Heptachlorobiphenyl 8.464 8.240 8.587 39052 603230.6 283.0922 0.06426880 0.758
2,2,3,3,4,4,5-Heptachlorobiphenyl 8.709 8.587 9.202 30954 614391.2 351.8876 0.04980884 0.588
2,2,3,3,4,4,5,5,6-Nonachlorobiphenyl 9.695 9.202 DCB 9501 718226.6 453.5265 0.01259696 0.149

31636 563184.9 655.7508 0.05500902 0.649
 Sample PCB (ug/g) 9.121

Theoretical PBC (ug/g 7.460
Percent recovery 122

DCB

High Level Test 3
Rt. Window



Table 4: Percent Recovery Table. 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Low Level Test 1 0.617 0.618 100
Low Level Test 2 0.624 0.678 109
Low Level Test 3 0.627 0.693 111
Mid Level Test1 2.500 2.511 100
Mid Level Test 2 2.510 2.872 114
Mid Level Test 3 2.510 2.892 115
High Level Test 1 7.430 8.170 110
High Level Test 2 7.470 9.049 121
High Level Test 3 7.460 9.121 122

Test Run ID
Theoretical 

Concentration (ug/g)
Calculated 

Concentration (ug/g)
Percent 

Recovery










































































































